| INTRODUCTION
Malignant and benign tumors, as well as infectious diseases or trauma can result in segmental defects of the mandible. The interruption of the continuity of the mandible, disruption of muscular attachments and loss of innervation of sensory and motor nerves can cause problems with mastication, swallowing, and speech. 1 If a mandible is not reconstructed, considerable functional, aesthetic and social problems may result with consequently poor health-related quality of life. [2] [3] [4] From both a functional and aesthetic point of view, immediate reconstruction is preferable.
The defect in the mandible can be bridged by a reconstruction plate. This is possible if sufficient soft tissue remains for watertight primary closure. Reconstruction plates are easy and quick to apply, but their drawback is the susceptibility for the occurrence of complications such as loosening of screws, plate fracture, plate exposure, and infection. 5 Another way to reconstruct the mandible is by free vascularized osseous or osteocutaneous flaps. These flaps provide bone or bone with soft tissue to fill segmental defects. The functional and aesthetic results are often better than with reconstruction plates alone and free flaps with bone offer the possibility to place dental implants to facilitate dental rehabilitation. The fibula free flap is frequently applied for the reconstruction of segmental defects of the mandible. The fibula flap offers a long vascular pedicle with an adequate vessel diameter, a sufficient length of bone with reliable blood supply enabling multiple osteotomies to shape the transplanted segment, and thin and pliable skin. 1, [6] [7] [8] [9] [10] [11] [12] However, the procedure is time-consuming and ablation combined with immediate reconstruction requires two surgical teams working simultaneously. The harvest of composite flaps is associated with a certain amount of donor-site morbidity. 13 In addition, medical complications and complications at the recipient site frequently occur.
At our institution fibula free flaps have been used since 1999. The most serious complications require surgical re-intervention under general anaesthesia. These major complications occur mostly at the recipient site. These complications can occur early, within days or weeks after the reconstruction, but also much later, after months or even years. We noticed that early complications mostly are solved relatively quickly and rarely involve the fixation plating, except in extreme cases with flap loss. Late major recipient site complications are often preceded by prolonged attempts at conservative, noninvasive treatment to avoid surgery. These prolonged treatments are a heavy burden for the patient and for the hospital's resources in addition to the final surgical intervention. Late interventions nearly always involve removal of the fixation plating.
Some studies tried to elucidate risk factors for postoperative complications. They describe flap reconstructions of the mandible with other donor sites, such as radial forearm or iliac crest and/or different recipient sites in the head and neck area. 11, 12 Few articles focused on reconstruction of the mandible with fibula free flaps. 9, 10, 14 However, these articles do not distinguish between recipient site and donor site complications, between moderate and major complications or between early and late complications.
This study aims to identify risk factors associated with early and late major complications at the recipient site after reconstruction of the mandible with fibula free flaps. For this we looked at complications with early and late interventions separately. We set the demarcation at 6 weeks, which is the time it takes for the free vascularized flap to integrate into the recipient bed, resulting in a stable union between the flap and graft. Twenty-nine complications required surgical intervention more than 6 weeks after the mandibular reconstruction. These complications were mostly infection or wound dehiscence. One case showed, nonunion of the transplanted bone, 507 days after the reconstruction, and refixation was carried out. Osteoradionecrosis was observed in four cases. Another three fractured miniplates were discovered and removed. In one case the plate fracture had caused problems leading to Table 3 ). Table 5 ).
The effect of radiotherapy on the complications was analysed in 75 of the 79 reconstructions as three had failed before 9 weeks after the reconstructive surgery and in one patient the follow-up time was too short due to oncological reasons. Sixty-seven of the 75 reconstructions (87%) received radiotherapy and eight did not An example of a panoramic radiograph of a reconstruction of the right mandible, one year postoperatively, is shown in Figure 1 . intervention. In three of these patients (4%) the flap could not be saved and had to be removed within two weeks after the reconstruction. conservatively, but led in five cases (6%) to skin necrosis and surgery to remove dead skin, 13-52 days after the reconstruction. The fibula flap is known to have a rather unreliable skin island, which depends on small and few septocutaneous and musculocutaneous perforating vessels. 1, 17 Our 4% early flap loss and 6% cases of skin island necrosis are similar to numbers reported in the literature. complications. [18] [19] [20] [21] In our study cohort, the complexity of the bilateral reconstructions indeed led to significantly longer operative time than the unilateral reconstructions, 11.3 versus 9.9 h, P < 0.001. However, the total operative time was not significantly associated with major complications, early or late.
Insufficient perfusion of the skin island was initially treated
Twenty-nine fibula flaps needed surgical intervention later than 6 weeks after the reconstruction. These interventions took place months or years later, often following long periods of conservative treatment.
Seven of these flaps (9%) were lost. These late interventions were due to other types of complications than the early interventions, as acute bleeding, thrombo-embolic complications and necrosis of the skin island no longer occurred. Twenty of the late interventions, about twothirds, were due to infection or wound dehiscence. Three of these flaps could not be saved. Three more fractured miniplates were discovered and were removed, which in one case led to flap loss. Osteonecrosis In this study only 7 of 76 patients underwent (pre)prosthetic surgery for the purpose of dental rehabilitation. Six patients underwent dental implant surgery, with or without removal of fixation plates, and one patient had a vestibuloplasty in the neo-mandible.
Three of these seven patients developed a major complication after the (pre)prosthetic surgery. In one case dental implants in the neomandible were lost due to peri-implantitis and dental rehabilitation could not be restored. In another case progressive disease (osteosarcoma) prevented further dental treatment. In the third case wound dehiscence caused loss of one implant, but a prosthesis could be placed on the remaining implants. Patients with advanced stages of oral cancer and reconstructed mandibles are nearly always additionally treated with radiotherapy and/or chemotherapy. The combination of these treatment modalities form an increased risk for impaired wound healing after secondary (pre)prosthetic surgery, despite precautions such as hyperbaric oxygen therapy. Therefore, the patient's need and desire for dental rehabilitation must be weighed against the risk of complications after (pre)prosthetic surgery. This must be extensively discussed with the patient. Other studies show that a minority of patients with fibula flap reconstructed mandibles reach implant supported dental rehabilition. 9, [28] [29] [30] We rarely reconstruct the mandible with a free vascularized flap in patients with ASA classification 3. The poor physical condition of these patients increases the odds of developing postoperative adverse events. 14,31 Nevertheless we did a fibula flap reconstruction of the mandible in three ASA 3 patients. We felt that in these cases there was no reasonable alternative with less chance of complications. In these patients there was not sufficient soft tissue to close the wound primarily with an acceptable functional outcome. A plate reconstruction in combination with a fasciocutaneous free flap is also prone to complications. 30 
